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Section I: Introduction
A quarter of all adults cannot read, and the vast majority of illiterate adults live in developing countries (UNESCO, 2011) . As a result of striking deficits like these, development policy has increasingly focused on improving the quality of education.
Recently, attention has focused on reading instruction, and in particular, on the availability of age-appropriate reading material in primary schools. In many countries, native language children's books simply do not exist, and even where they do, they are not available in schools. 2 Unfortunately, our understanding of the education production process in the developing world is incomplete. Existing evidence on the effects of improving the availability of resources, like reading materials, in schools is mixed (Glewwe and Kremer, 2006) . Some studies suggest that specific subgroups of students (such as high performing students) may benefit (Glewwe, Kremer, and Moulin, 2007) , and there is also evidence that comprehensive programs that involve changes in instructors' teaching methods as well as additional resources work (for example, Banerjee et al., 2007) .
However, no consistent evidence exists that suggests students in general will benefit from greater access to books and other reading materials.
We study a promising educational program in Bangalore, India, that provides high quality libraries to public primary schools. The intervention provides children with access to well-equipped libraries, stocked with books supporting the school curriculum and staffed with a dedicated librarian. In addition to regulating access to the collection, the -2-librarian also provides regular reading-focused educational activities to encourage use of the library and facilitate interaction with the available books.
We evaluate the program using a randomized controlled trial (RCT) with a sample of 386 schools randomly selected from all public schools in Bangalore. Although all of the libraries functioned as expected and were utilized by a large number of the students (81 percent a month on average), we find no overall effect on students' language skills.
The standard errors are small enough that we can rule out effects larger than 0.053 and 0.037 standard deviations based on the 95 and 90 percent confidence intervals. We also find no effect for most subsets of the sample, including divisions by grade, baseline test score, gender, and demographic characteristics. The one exception is by mode of implementation. We find no effect when the libraries are provided directly to schools, but we find a sizable negative effect if the libraries are provided through a visiting librarian.
We also find no differences in students' scores on other subjects of the follow-up exam or in students' average attendance rates. These results suggest that providing access to reading material may not be sufficient to improve students' language skills. This study also directly builds on an existing literature that investigates the education production function for reading in developing countries. For example, Banerjee et al. (2007) find that low-cost remedial programs using individuals from the local communities to teach basic literacy skills to young children substantially improved performance. He, Linden, and MacLeod (2009) show that improved teaching practices have a significant effect on young students reading skills. And Abeberese et al. (2010) find significant effects on students' reading scores of a Philippine read-a-thon program. 3 There is also related work on reading programs in the developed world including Machin and McNally (2008 ), Fryer (2011 ), and Kim and Guryan (2010 . Researchers in other fields have also contributed to this -3-The remainder of the paper is set out as follows. Section II describes the library program in detail. Section III discusses the research design. Section IV verifies the internal validity of the study, and Section V estimates the effects of the library program.
Section VI concludes.
Section II: The Akshara library program
The library program that we evaluate is run by the Akshara Foundation, a Bangalorebased NGO with the "mission to ensure that every child is in school and learning well."
Because not all schools have sufficient space to host a library, Akshara libraries are organized according to a hub and spoke system with each hub school attached to several spokes in the same geographic area. Hub schools contain physical libraries that are set up in a room within the school and are staffed by a designated librarian. These librarians are recruited externally by Akshara and undergo several group-training sessions after recruitment as well as several refresher sessions during the academic year.
Training focuses on library operations and on educational activities. The librarian's role includes maintaining the library, issuing books and keeping borrowing records. Akshara provides a room full of age and language appropriate material, designed to support the existing curriculum. Books are color-coded by difficulty into six levels, and the librarian periodically evaluates children in order to decide whether they have sufficiently improved to progress to the next level (children may select their own books within a given level to borrow). The activities include storytelling, role-playing games literature (e.g. Kim, 2007; and Wassik and Slavin, 1993) including evaluations of various library programs in the United States, such as those in Alaska (Lance, Hamilton-Pennell and Rodney, 2000) , Pennsylvania (Lance, Rodney and Hamilton-Pennell 2000b) , New Mexico (Lance, Rodney and Hamilton-Pennell, 2002) , North Carolina (Burgin and Bracy, 2003) , Illinois (Lance, Rodney and Hamilton-Pennell, 2005) and Texas (Smith, 2001 ).
-4-(where children act out a story from a book) and other educational games (such as identifying the sounds made by animals in a story book). Librarians conduct these activities for each class during regularly scheduled library periods. These periods also serve as the main opportunity for students to borrow books.
Spoke schools do not have a physical library. Instead, they are visited regularly by a mobile librarian on a regular schedule. 4 The mobile librarian transports books from the hub library and issues them to the children using the same color-coded system as in the hub libraries. Typically, the mobile librarian will spend several hours at a spoke school, serving students by class. Unlike the hub libraries, the librarians did not conduct activities in the spoke schools for most of the study period, although they did introduce these activities in the final three months of the study.
Hub and spoke facilities differ dramatically from the resources they replace.
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Most primary schools do have a small collection of books. However, the books are rarely age and language appropriate. The collections are very limited. Many (57 percent) are kept in a cupboard -almost all of which (92 percent) are located in the headmaster's office -and although children and teachers are supposed to have access to the material, they rarely do. Only 20 schools (5 percent of the sample) designate someone to facilitate use of the books, and even then, they are not dedicated exclusively to the task. Only 4 schools (1 percent of the sample) have both a dedicated room and someone designated to help children and teachers work with the available books. 4 The mobile librarian is often the hub librarian who visits the attached spoke schools when s/he is not engaged in duties at the hub. In some cases, particularly when the hub is very large so that the hub librarian does not have time to visit the spokes, a specialist mobile librarian is used. 5 The averages presented in this paragraph are for the entire sample of schools from the school-level baseline. Estimates for the treatment and control groups are provided in Table 2 .
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A. Research groups
To evaluate the impact of the library program on students' academic achievement, we implemented a randomized controlled trial. First, Akshara arranged all government primary schools in Bangalore into a hub and spoke network. They chose hubs based on size, geographic location and the availability of a room to house a library. The remaining schools became spokes of a nearby hub, with each hub attached to up to seven spoke schools. Given significant variation in school size, we excluded from the research sample 6 There is some variation in usage rates across schools: the mean number of visits per month has a standard deviation of 1.32 and the mean number of books borrowed per month has a standard deviation of 0.87. We attempted to estimate whether the treatment effect varies by usage rates by constructing predicted usage rates in all schools using baseline school characteristics that are correlated with usage in the treatment schools. However, we did not find any significant variation in the treatment effect by this predicted usage measure.
-6-the upper and lower 10 percent of spoke schools (removing those with enrollment of less than 20 or greater than 230) and the smallest 5 hub schools, which had total enrollment of 17 students or less. We then randomly selected a single spoke for each hub (we refer to the pair as a "unit"), yielding a sample of 300 units.
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Through power calculations, we determined that only 200 units would be included in the study. 8 As a result, we designed the randomization both to select a random sample for the study and to assign units either to a treatment or a control group. Specifically we followed a "matched-pair" randomization strategy in which we first grouped units by geographic location (we used "blocks" which are most analogous to US zip codes), ranked them by the average test score of the unit, and then grouped the units into triplets.
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Within each triplet, we selected one unit for the treatment group, one for the control group, and one to be left out of the study, all with equal probability. 10, 11 For each school in the sample, we then randomly chose a single class from grades three, four, and five.
B. Data Collection
We use three original sources of data. First, we have two data sets that provide baseline information: a school-level census conducted at the end of the 2006-7 academic year and a student-level survey of the sample schools collected at the beginning of the 2007-8 academic year. Since the randomization occurred after the 2006-7 academic year, the -7-school-level baseline provides data from before the randomization while the student level-baseline provides data from after randomization but before the libraries began operating. 12 We then conducted a student-level follow-up survey in December of the 2008-9 academic year, just before schools administered end-of-year exams.
The school-level baseline data set includes every school in the city. It provides information on the physical characteristics of the school, as well as average reading test scores for all students. These were used to stratify the sample for the randomization and to construct the hub and spoke networks.
The student-level baseline provides a quick gauge of students' general aptitude. It included a few basic language and math competencies such as letter, word, and picture identification, sentence completion, story comprehension, counting, identifying number patterns, simple arithmetic and word problems. The follow-up test was much more comprehensive. We recruited a team of senior teachers who compiled a list of all competencies covered by the official state of Karnataka curriculum for grades one through six along with sample questions for the state's three primary subjects: math, language arts, and science (referred to as environmental science (EVS)). We then piloted the questions and created a separate exam for each grade by eliminating the questions that yielded little variation in student performance. 13 The math and science tests allow us to 12 The disadvantage of this strategy is that the composition of students may have changed after the randomization. However, we can directly test for this possibility. Specifically, we demonstrate that the research groups were balanced based on information collected prior to the randomization using the schoollevel data (Table 2) , and then confirm that the groups were balanced at the start of the next school year using the student-level baseline (Table 3) . The results are consistent with other studies with similar survey schedules (see for example, Banerjee et al., 2009) . Student enrollment does not seem to respond to the potential receipt of such programs. 13 Because many children perform below grade level, we could not use all of the competencies in each grade. In addition, because the purpose of the experiment is to compare the performance of children in the treatment and control groups (rather than measuring the overall level of achievement), including questions that all children answered either correctly or incorrectly would add little value to the exam.
-8-assess whether or not better language skills translate into better performance in other subjects or whether the use of the libraries came at their expense.
14 Finally, we collected two types of administrative information from the schools.
The first consisted of basic demographic information from the school registers. This included students' gender, age, language at home, religion and caste. We also collected daily attendance for all children from the class rosters. Such data must always be used with caution since teachers may incorrectly record attendance data when they have an incentive to do so (Linden and Shastry, 2012) . However, in this context, the intervention does not change teachers' incentives to report students as being either absent or present.
While the school census data is available for all schools in the sample, 16 schools refused to participate in the student-level data collection processes despite prior agreements with both the schools and administrators. However, given the small number of schools, this did not create an imbalance in the characteristics of the treatment and control groups. 15 For the student-level data, this yields a sample of 370 schools (193 hubs and 177 spokes) and 20,858 students (14,455 in hub schools and 6,403 in spoke schools). Table 1 contains a full tabulation of the sample.
14 We normalize all test scores within grade and medium of instruction relative to the control group distribution for each exam. A student's normalized score therefore reflects her performance (in standard deviations), relative to other students in her grade in schools with the same medium of instruction. 15 Compared to the overall sample of 386 schools, this represents a loss of only 4.2 percent of the sample. The danger, like the danger with all attrition, is that differences in the attrition patterns between treatment and control schools could make the two research groups incomparable. Given the small number of schools, this is very unlikely. However, estimates using the census data, which are available on all school in the sample, we have verified that the loss of these schools did not unbalance the sample (Table 2 ). This is also born out in Table 3 which demonstrates that student characteristics are balanced for the 95.8 percent of schools remaining in the sample.
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C. Analytic models
The basic research design compares students in the treatment and control groups, and the randomization ensures that the assignment of schools to the treatment is independent of school and student characteristics. As a result, we can directly estimate the effects of the intervention by comparing the average outcomes in the treatment and control groups using the following equation:
where ijkl Y is the outcome for student i in grade j , school k , and unit . The variable l Treat is an indicator for whether unit is assigned to the treatment group. We also include a vector of control variables i j k l l X . This includes baseline test scores by subject, average reading scores of the hub-spoke unit from the school-level baseline, gender, grade, age, majority religion and language group affiliations, caste status and an indicator whether the language a student speaks at home differs from the medium of instruction.
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Our preferred specification also includes fixed effects for the triplets used to stratify the schools for randomization. Finally, we cluster standard errors at the level of treatment assignment -the hub and spoke unit.
Section IV: Internal Validity
If the treatment assignment is statistically independent of the characteristics of the schools and the students, then the treatment and control students should, on average, have 16 Many of these controls could not be obtained for all the students. In order to avoid dropping observations in regressions with controls, an additional category for each variable was created signifying a missing value.
-10-similar characteristics. We check this using the demographic data and the school-and student-level baselines in Tables 2 and 3. Starting with Table 2 , Panel A includes all sample schools that were included in the randomization. The mean values from the schools assigned to the control group are in the first column while the second column contains the estimates differences using equation (1) without any control variables. Of the 10 variables tested, 17 only one is statistically significant at conventional levels (Collection Kept in Separate Room) and it is practically small. Overall, the joint test cannot reject equality of the averages across all variables at conventional levels of significance (the p-value is 0.416). This confirms that the randomization created comparable treatment and control groups.
After the randomization, however, 16 schools refused to participate in the studentlevel data collection. While this only represents 4.1 percent of the original sample, we confirm in Panel B that their loss did not make the treatment and control groups dissimilar. All of the estimates resemble those in Panel A, and the joint test is not significant at conventional levels (the p-value is 0.398). As a result, we conclude that the loss of the 16 schools did not compromise the internal validity of the study.
Next, we turn to the student-level estimates in Table 3 . Panel A contains estimated differences using all students surveyed at the start of the 2007-8 academic year, while Panel B includes just those students who also completed the follow-up test. Panel A confirms the comparability of the research groups at the start of the study. Of the 13 differences tested, only one is statistically significant at conventional levels (Grade), and
17 Note that in the tested variables we omit corresponding categories if they are the exact complement to a provided measure. In Table 2 , for example, we omit Urdu medium schools because the schools in our sample are either Kannada or Urdu. The differences for the two categories are perfectly correlated.
-11-the 3.1 percentage point difference is practically small. The overall joint test is also not statistically significant (the p-value is 0.517).
Finally, we check in Panel B to ensure that student-level attrition did not compromise the internal validity of the study. As shown in row one, 72.3 percent of the students who completed the baseline test in the control group also completed the followup exam, and the average rate of completion in treatment group was only 0.7 percentage points less. The other estimates in the panel are consistent with those in Panel A, except that the difference in the average grade level is no longer statistically significant.
Section V: Treatment Effects

A. Language Scores
Having verified the internal validity of the experiment, we begin by estimating the effects on students' language test scores in Table 4 . Panel A contains the estimated treatment effects on the overall score. In columns one, two and three, we estimate the effects using equation (1) without and with control variables. The estimates are consistent with each other, which further emphasizes the balance in characteristics between the research groups. However, the estimates are small and statistically insignificant at conventional levels. These suggest that the provision of the libraries had no effect on students' test scores. With the full set of controls, we can reject effects larger than 0.053 and 0.037 standard deviations. Finally, in column four, we add classroom random effects in an attempt to further improve precision, but the confidence intervals remain unchanged. remarkably similar to those in Panel A. For no specification do we find a positive, statistically significant effect on students' test scores for any subject. As a result, we conclude that the libraries had no overall effect on students' language skills.
B. Other Subjects
We test the effects of the program on other subjects in Table 5. The table is organized   like Table 4 , but with the math score effects in Panel A and the science effects in Panel B.
For both subjects we find no consistent evidence of positive or negative spillovers to other subjects. In our preferred specification (column 3), we actually find a statistically significant negative effect on science scores at the ten percent level, but none of the other estimates are statistically significant, and the estimate for math using the preferred specification is also not statistically significant. We conclude that like the effects on language skills, the program had no effect on other subjects.
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C. Language Scores: Heterogeneous Effects
Despite the lack of an effect for the full sample, subgroups may have still benefitted.
Using our preferred specification, we re-estimate the impact of the program on the follow-up language test score in Table 6 by dividing our sample both by mode of implementation -hub or spoke -and by individual student characteristics. 18 For each group of schools in the indicated columns, Panel A provides the estimated treatment effect for all students and Panels B-E contain the estimates divided by gender, grade, baseline test score, and other student-level characteristics.
The only variation we observe is by mode of treatment. 19 The hub schools have no effect on students test scores. And like the estimates for all schools, this is consistent across all subgroups of students. The only exceptions are scheduled caste or tribe students in the overall sample, students attending a school whose medium is different than the language they speak at home for the hub schools, and students in the top quartile of the baseline test distribution for the hubs. However, these are only three of 28 estimates.
We do, however, find a large, significant negative effect for the spoke schools.
Like the other group, the effects are remarkably consistent across the subgroups. Why the spoke treatment would negatively affect students is unclear. The primary difference between the modalities is that, for the spoke schools, the librarian visited the schools on a pre-arranged schedule and could only interact with students during that time. One possibility is that these visits disrupted the normal school schedule, and teachers adjusted -14-by reducing the time spent on language arts. 20 Hub schools teachers, on the other hand, had much more scheduling flexibility and could have chosen the least disruptive times.
D. Attendance
Even without a positive effect on test scores, the libraries could affect student attendance -for example, the library could provide an incentive if students enjoyed the visits. To assess these effects, we estimate equation (1) with the attendance rate as the dependent variable and the full set of controls. The attendance rate is the fraction of all days on which the school was open that a student was marked present. The results are presented in Table 7 . The overall attendance rates are fairly high: the means for the control schools suggest that average attendance rates in these schools were around 90%, with little variation in this mean among the various subgroups. The coefficients in columns 2, 4 and 6 are all close to zero and statistically insignificant, suggesting that the library program had no impact on attendance rates. This is consistent with other studies that find no effect on attendance (Banerjee et al., 2007; He, Linden and MacLeod, 2008) .
Section VI: Conclusion
This study estimates the effects of providing students with reading material through school libraries. The program provides high-quality reading material designed to support the existing language curriculum as well as the support of a dedicated librarian. Overall the treatment had no effect on students' language skills or on their performance in other subjects. The results are remarkably consistent across individual language competencies 20 The estimates for the effects on other subjects by mode of treatment are not statistically significant for either subject in both modalities. Estimates are available upon request.
-15-and also across individual subsets of the student population. We can reject treatment estimates larger than 0.053 and 0.037 at the 95 and 90 percent confidence levels, using our preferred specification. We also find that the method of providing the library resources matters. Placing a library in a school has no effect, while providing resources through a mobile librarian actually causes students to learn less.
The consistency of the results suggests a problem with the treatment itself, rather than a mismatch between the program and the needs of particular students and schools.
The results also stand in contrast to many recent studies in developing countries that show large positive effects of programs that provide additional resources while also changing the way that students are taught during the normal school day. Our results are consistent with studies that find the provision of resources alone insufficient to improve student performance (Glewwe and Kremer, 2006) . This is not to suggest that such programs are valueless. It is possible that programs such as this might enhance the effects of other interventions. For example, changes in the pedagogical strategies for teaching reading may be more effective if students have access to significant reading material. But the results do indicate that understanding these linkages is an area for future study. Table shows composition of sample for both the school-level survey conducted before the randomization and the student-level baseline conducted after the randomization but prior to the start of the intervention. Table compares schools assigned to the treatment and control groups using the school-level baseline conducted prior to the randomization. The sample in Panel A includes all 200 schools included in the randomization and assigned to either the treatment or control group. Panel B includes just those schools that participated in the student-level baseline and follows-up surveys, omitting the16 schools that refused to participate. Columns one and three provide the mean for the control group while columns two and four provide the estimated difference between the two groups using equation (1) without any control variables. Standard errors are clustered at the unit level. Significance at the one, five, and ten percent levels are indicated by *, **, and ***, respectively. Notes: This table compares students in schools assigned to the treatment and control groups using the student-level baseline conducted at the start of the 2007-8 academic year, after the randomization and prior to the start of the treatment. Panel A includes all students completing the baseline test while Panel B includes just those students who completed both the baseline and follow-up exams. Columns one and three provide the mean for the control group while columns two and four provide the estimated difference between the two groups using equation (1) without any control variables. Standard errors are clustered at the unit level. Significance at the one, five, and ten percent levels are indicated by *, **, and ***, respectively. Notes: This table presents estimates of the effects of the library intervention on students' attendance rates disaggregated by mode of implementation and by socio-demographic controls. All differences are estimated using equation (1) with all controls and triplet fixed effects. Standard errors are clustered at the unit level. Significance at the one, five, and ten percent levels are indicated by *, **, and ***, respectively. 
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